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(54) COMPOSITE MATERIAL CONTAINING NEW CARBON FIBRIL 

(57)Abstract: 

PURPOSE: To obtain the subject composite material suitable for graphitic carbon fibrils having a large surface 
area, a high Young's modulus and high tensile strength by dispersing an assembly of specified cylindrical carbon 
fibrils in a matrix. 

CONSTITUTION: An assembly of cylindrical carbon fibrils is dispersed in a matrix made preferably of an org. 
polymer to obtain the objective composite material. Each of the carbon fibrils has 3.5-70 nm diameter and a 
length about >5 to <1 00 times the diameter and has an outer region of continuous multiple layers of ordered 
carbon atoms and a discontinuous inner core region. Each of the layers and the core are disposed concentrically 
about the cylindrical axis of the fibril. 
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•* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
. 2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In a matrix, it has a fixed diameter substantially [ the range of about 3.5 - 70nm of abbreviation ]. Have die 
length smaller than about 100 times with a larger diameter than about 5 times, and it has the outside field of the carbon 
atom which carried out the regulation array which essentially consists of a continuous multiplex layer, and a 
discontinuous inside core region. Each class and a core are substantially arranged in the said alignment around the 
cylinder shaft of fibril. Each class of said carbon atom arranged regularly Composite material which is characterized by 
C shaft consisting of graphite which lies at right angles to the cylinder shaft of fibril substantially and which essentially 
includes the set of each cylinder-like carbon fibril. 

[Claim 2] Composite material according to claim 1 characterized by a matrix containing an organic polymer. 

[Claim 3] Composite material according to claim 1 characterized by a matrix containing inorganic polymer. 

[Claim 4] Composite material according to claim 1 characterized by a matrix containing a metal. 

[Claim 5] Composite material according to claim 1 which carbon fibril is distributing in a matrix. 

[Claim 6] Composite material according to claim 5 characterized by matrices being adhesives. 

[Claim 7] Composite material according to claim 5 characterized by a matrix being a ceramic ingredient. 

[Claim 8] Composite material according to claim 5 characterized by distributed fibril carrying out orientation inside a 

matrix. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Technical field of invention Into a matrix, surface area of this invention is large and it relates to the composite material 
containing graphite carbon fibril with large tension strength with high and Young's modulus. More specifically, without 
needing the usual graphitization temperature (about 2900 degrees C) which cost requires, this invention is cheap and 
relates to the composite material containing the carbon fibril which carries out catalyst growth from the easy carbon 
precursor of acquisition. 

Background of invention Since rigidity and toughness are superior to each component or other non-composite material 
in the mechanical production, especially strength, the composite material strengthened with fiber is still more 
important. Since it reaches in the strength per unit weight and rigidity is excellent, the complex which consists of a 
carbon fiber began to be quickly used in aeronautics and astronautics and the sporting-goods field. However, since this 
kind of ingredient is expensive, the application is also still limited. 

Current and a carbon fiber are manufactured by applying the continuous filament of a precursor slack organic polymer 
especially a cellulose, or a polyacrylonitrile to an accommodation pyrolysis under the pull strength maintained 
carefully. Maintenance of said pull strength is needed for carrying out orientation of the anisotropy sheet of a carbon 
atom appropriately in the last filament. The cause that this kind of fiber is expensive is in careful treatment required in 
order to avoid the price of formation organic fiber, weight loss in a carbonization process, carbonization of the low 
speed by expensive equipment, and fracture of a continuous filament beforehand etc. 

The approach of carrying out spinning of the hydrocarbon pitch fiber, and carbonizing has been eagerly developed in 
order to reduce the price of a precursor filament, and weight loss. High cost takes beforehand like the approach using 
the organic polymer of a pitch required to carry out orientation of the carbon atom sheet correctly in a final product 
previously stated to processing, spinning conditions, and after treatment the place to current. A continuous filament 
must be used, in order to attain advanced orientation by any of these approaches and to acquire the optimal property by 
it. There is a minimum in the diameter of fiber substantially, the value is at least 6-8 micrometers, and if it is made 
smaller than this, fracture of the fiber in spinning and after treatment will become excessive. 
There are some which form a carbon filament by understanding various carbon content gas 2, for example, CO/H, 
hydrocarbons, and acetones by the catalyst as a process of a completely different carbon fiber from these approaches in 
a surface of metal. These filaments exist for various gestalten (for example, the shape of the shape of a straight line, the 
letter of a twist, a swirl, and branching) and diameters (for example, range from dozens of A to dozens of microns). 
Usually, it is often mixed with other non-filament carbon, and the condition that two or more filament gestalten were 
intermingled is acquired (Baker and Harris, Chemistry and Physics of Carbon, Vol.14, 1978 reference). The carbon 
filament formed first is often covered with pyrolytic carbon (themral carbon) with inadequate systematization. 
Reaching in big strength required for a reinforcement application, and giving a modulus has the comparatively large 
graphite field by which orientation was carried out so that the axis of fiber and a c-axis might cross at right angles, and 
it is only a deer or a comparatively linear filament which it does not have at all about a little covering by pyrolytic 
carbon. 

Since there is no detailed explanation about the specific filament formed by the great portion of reporting [ which 
touched on formation of filament carbon J, it is impossible to get to know whether the filament is suitable for the 
reinforcement application. For example, Baker etc. is the British patent No. (1977) 1,499,930, and when acetylene or a 
diolefin decomposes at 675-775 degrees C under existence of a catalyst particle, it is indicating that a carbon filament is 
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formed. However, any publication cannot be found about the structure of these filaments. Although Tates and Baker are 
indicating formation of the carbon filament on a FeOx substrate in the Europe patent No. (1982) 56,004, there is no 
explanation about the structure of the carbon filament formed also here, a ****** [ that the carbon which there is no 
explanation of a gestalt also in this case, therefore was formed fits a reinforcement application although Bennett etc. is 
United Kingdom Atomic Energy Authority Report AERE-R7407 and formation of the filament carbon by catalyst 
. disassembly of an acetone is indicated ] ~ ** — it is unknown. 

Formation of the straight-line carbon filament by catalyst disassembly of a hydrocarbon was also indicated by a number 
group's researcher. Oberlin, Endo, and Koyama are Garbonl4:133 (1976), and it has reported that aromatic 
■hydrocarbon like benzene is changed into a carbon fiber at the temperature of about 1 100 degrees C under existence of 
a metal catalyst particle. This carbon filament is surrounded with pyrolytic carbon with this more irregular nucleus 
including the graphite nucleus arranged regularly [ the almost same diameter as the diameter of a catalyst particle ]. The 
diameter of the last filament is 0.1-80 microns. Although the graphite nucleus is conjecturing said researcher etc. that it 
grows quickly under existence of a catalyst and heat part decomposition carbon carries out a deposit on this nucleus 
after that, it is said that decomposition of these two processes cannot be carried out "since it coexists statistically 
(statistically concomitant)." Journal of Crystal Growth32:335 (1976) reference. The fiber of the origin covered with 
pyrolytic carbon reaches in strength, and its rigidity is small and cannot use it as a filler for strengthening of complex. 
In order to change the whole filament into the high graphite of regularity, further 2500-3000-degree C elevated- 
temperature heat treatment is required. This approach has the fault that the process containing two steps called growth 
of fiber and elevated-temperature graphitization processing is required, although it may be improved rather than the 
approach of applying the organic fiber formed beforehand to the difficult pyrolysis of high cost under pull strength. 
Furthermore, said researcher etc. touches nothing about planned catalyst manufacture, but is considered for a catalyst 
particle to be unfixed. In subsequent research, although searched for manufacture of a catalyst particle, two processes 
of growth of a catalyst nucleus and the deposit of pyrolytic carbon are not separated in this case, either. Extended 
Abstracts, 16 th Biennial Conference on Carbon:523 (1983) reference. 

Tibbetts is indicating the approach of manufacturing a straight-line carbon fiber, by pyrolyzing natural gas at the 
temperature of 950-1075 degrees C within 304 type stainless steel. Appl.Phys.Lett.42(8):666 (1983) reference. It is said 
that the die length of fiber subsequently grows [ in an operation of two phases similar to that by which this fiber was 
observed by Koyama and Endo i.e., a catalyst, ] through elongation and the phase where thickness increases, by the 
carbonaceous pyrolysis deposit first. 

It is said that Tibbetts cannot grow the filament in which these phases do not have carbon which carried out the deposit 
by "it is overlap (overlapping) mutually" and the pyrolysis. The approach of Tibbetts is unsuitable for industrial use 
from at least two reasons again. Since fiber growth is started only after low-speed carbonization (it usually takes 10 
hours) of a stainless steel pipe, the 1st reason is in the point that the rate of overall fiber manufacture is low. Since said 
coil is consumed in a fiber formation process, the 2nd reason has an industrialization scale-up in the point of becoming 
cost quantity difficultly. 

A hydrocarbon precursor can change very much the pyrolytic carbon which carried out the deposit by the pyrolysis by 
making a catalyst contact into the carbon filament which is not included substantially here, therefore it became clear 
that the die-length expanding phase, "overlap", and the increased thickness phase where "It coexists" is said of a 
filament were avoidable with the advanced technology at the unexpected thing. By this possibility, the large fibril of 
the strength which can be used for manufacture of strengthening of a matrix and the very large electrode material of 
surface area and the protection of the body from electromagnetic radiation can be directly formed now. 
Outline of invention The cylindrical diameter of the composite material of this invention is essentially substantially 
fixed. About 3.5 - 70 nanometers of abbreviation, For example, the outside field which consists of two or more layers 
which essentially [ are about 7-25 nanometers, and die length is larger than about 5 times of a diameter, and it is 
smaller than about 100 times of a diameter, and / the carbon atom arranged regularly ] continued, It has an inside core 
region separate from this, and each and said core of said layer are arranged almost in the said alignment around the 
cylinder shaft of fibril. Each class of said carbon atom arranged regularly It is characterized by including in a matrix 
carbon fill BURIRU which C shaft becomes from the graphite which lies at right angles to the cylinder shaft of fibril 
substantially. Fibril is not covered substantially [ the whole ] at pyrolytic carbon. 

It may be filled with a carbon atom although the inside core of fibril is hollow. These carbon atoms are more irregular 
than the regular carbon atom of said outside field with a graphite-property. 
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The outside field which consists of two or more layers which essentially [ a diameter is substantially fixed, the fibrils of 
this invention are about 3.5-70 nanometers of abbreviation, and its die length is larger than about 100 times of a 
diameter, and / the carbon atom arranged regularly ] continued, It can manufacture including an inside core region 
separate from this by [ which are characterized by arranging each and said nucleus of said layer almost in the said 
alignment around the cylinder shaft of fibril ] essentially processing cylindrical carbon fibril so that purpose carbon 
. BUIBURIRU may be formed. 

The fibril of this invention can also be manufactured by contacting a suitable metal content particle to a suitable carbon 
content gas compound over suitable time amount again with the temperature of about 850 degrees C - about 1200 
degrees C by the suitable pressure. The ratio of the dry weight base of a carbon content compound pair metal content 
particle is set to about 100:1 at least. 

Carbon fibril can also be continuously manufactured by only time amount suitable under a suitable pressure contacting 
a suitable metal content particle continuously at suitable carbon content-ized gas **** and the temperature of about 850 
degrees C - about 1200 degrees C, and collecting the formed fibrils. After collecting with a metal content particle or 
dissociating from a metal content particle, it may be made to collect the fibrils manufactured by this approach. Said 
continuous contact processing [ whether a carbon content gas compound is continuously introduced in the reaction field 
containing a metal content particle, and said carbon content gas compound is made to discharge continuously from this 
reaction field, and ] Or [ whether a metal content particle is continuously introduced in the reaction field containing the 
carbon content gas compound of the specified quantity, and said metal content particle is continuously discharged from 
said reaction field, and ] Or when both a metal content particle and a carbon content gas compound are continuously 
introduced in a reaction field and both make these matter discharge continuously from said reaction field, it can carry 
out. 

By said method of manufacturing carbon fibril continuously, the discharged carbon content gas compound or the 
discharged metal content particle may be processed, the matter which is not desirable, for example, an impurity, and a 
reaction by-product may be removed, and, subsequently to a reaction field, you may reintroduce. 
Moreover, collecting BURIRU adhering to a metal content particle continuously, distributing with the metal content 
particle for supply, reintroducing after that, and making it also make a carbon content gas compound contact 
continuously is thought of. 

Contact processing with a metal content particle and a carbon content compound can be carried out under existence of 
the compound, C02 and H2, which reacts with carbon and may be made to generate a gas product, or H20. [ for 
example, ] 

as a suitable carbon content compound — benzene, toluene, a xylene, KUEN, ethylbenzene, naphthalene, a 
phenanthrene, an anthracene or the aromatic hydrocarbon; methane like such mixture, ethane, a propane, ethylene, a 
propylene, acetylene, or such mixture — like — un — aromatic hydrocarbon; formaldehyde, an acetaldehyde, an acetone, 
a methanol, ethanol, or the oxygen content hydrocarbon; carbon monoxide like such mixture is mentioned. 
The cobalt content particle of the diameter 3.5 [ about ] containing the particle guided as a suitable metal content 
particle from the metal salt which can be pyrolyzed at the temperature of less than about 1200 degrees C - 70 
nanometers of abbreviation, a nickel content particle, or an iron content particle is mentioned. 

The heat-resistant base material with which these particles suited chemically, for example, the base material made from 
an alumina,; it may be supported with carbon base material; or an aluminum-silicate **** silicate base material 
containing a carbon fiber, carbon fibril, or a carbon plate etc. 

These suitable metal content particles can be enclosed into a carbon content compound like the organic polymer 
containing carbon, carbide or polystyrene, and starch. 

The front face of a metal content particle is separately heated by electromagnetic radiation in temperature of about 850 
degrees C - about 1800 degrees C, and it is made for the temperature of a particle to become higher than the 
temperature of a carbon content gas compound in the one example. 

As 1 specification example, a metal content particle is contacted by the pressure of abbreviation l/10atm- abbreviation 
lOatm over a carbon content compound and about 10 seconds - about 30 minutes. For a metal content particle, by this 
example, an iron content particle and a carbon content gas compound are [ a carbon monoxide and reaction 
temperature ] 900 degrees C - 1 150 degrees C. Contact processing may be carried out under existence of gas hydrogen. 
Moreover, an iron content particle may be a particle guided from the ferrous oxalate, and can be supported with the 
heat-resistant base material which suited chemically, for example, a carbon base material. 
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The fibril of this invention can use for example, an organic polymer, inorganic polymer, a metal, adhesives, or a 
ceramic ingredient for the complex made into a matrix. You may make it such fibrils form the fibril mat which carried 
out orientation to the configuration of the fibril tow which was made to distribute in ATORIKUSU or was distributed 
in the matrix, or was made to become entangled mutually, and has been arranged in a matrix. 

Concrete explanation of invention In this invention, cylinder-like carbon fibril is essentially contained in a matrix, this 
. fibril - a diameter - about 1 law - 3.5- with the outside field which consists of two or more layers of the carbon atom 
which it was about 70 nanometers, and die length was larger than about 5 times of a diameter, was smaller than about 
100 times, and has been arranged regularly Including an inside core region separate from this, each and the core of said 
layer are arranged in the said alignment around the cylinder shaft of fibril, and each class of said carbon atom arranged 
regularly is characterized by C shaft consisting of graphite which lies at right angles to the cylinder shaft of fibril 
substantially. Fibril is not covered substantially [ the whole ] at pyrolytic carbon. The vocabulary of "being cylindrical 
(cylindrical)" is used in large geometric semantics with these specifications. That is, the field drawn by the straight line 
which moves to a fixed straight line and parallel, and intersects a curve is meant. A circle and an ellipse are only two 
examples of a cylindrical curve. 

The inside core region of fibril is hollow, or may be filled with the carbon atom more irregular than the regular carbon 
atom of said outside field. This specification "a regular (arranged) carbon atom (ordered carbon atoms) means a 
graphite field with the c-axis which intersects perpendicularly with the cylinder shaft of fibril mostly. 
As one example, the die length of fibril is about 20 or more times of the diameter of fibril. As another example, the 
diameters of fibril are about 7-25 nanometers of abbreviation. As another example, an inside nuclear site has a larger 
diameter than about 2 nanometers. 

One of the manufacture approaches of the carbon fibril of this invention a diameter - about 1 law - about 3.5- with the 
outside field where it is about 70 nanometers, and die length is larger than about 100 times of a diameter, and consists 
of two or more layers of a regular carbon atom Each and the core of said layer consist of the 2nd thing which is 
characterized by being arranged in the said alignment around the cylinder shaft of fibril and for which each cylinder- 
like carbon fibril is essentially processed including an inside core region separate from this. 

Various processing means can be used for manufacture of the carbon fibril of this invention. Said processing consists of 
crushing said 2nd carbon fibril by the mechanical means, for example, grinding, and pulverizing in the one example. In 
the another example, said processing includes changing said 2nd carbon fibril by the shearing force produced in a fluid 
medium. More specifically, the 2nd carbon fibril is included in a liquid, a half-liquid medium, for example, a monomer, 
or a matrix. Said medium is extruded, for example, it applies to processes, such as injection or casting, or actuation, and 
sufficient shearing force to change the 2nd carbon fibril into the fibril of this invention is generated. 
The option which essentially [ this invention ] manufactures each cylinder-like carbon fibril includes contacting a 
catalyst, i.e., each suitable metal content particle, under a suitable pressure over suitable time amount at a suitable 
precursor, i.e., a suitable carbon content gas compound, and the temperature of about 850 degrees C - about 1200 
degrees C. It is appropriate for the ratio of the dry weight base of a carbon content compound (precursor) opposite 
metal content particle (catalyst) to carry out to about 100: 1 or more. 

One of the continuous manufacture approaches of carbon fibril contacts a suitable scattering metal content particle 
(catalyst) continuously over suitable time amount with a suitable carbon content gas compound (precursor) and the 
temperature of about 850 degrees C - about 1200 degrees C by the suitable pressure, and it includes collecting the 
formed fibrils. As one example, fibrils can be collected in the condition of having adhered with the metal content 
particle. As another example, fibrils may be collected by extracting metal particles in 10% hydrochloric-acid water 
solution, after dissociating from said particle. In the one example, it is carried out by making said precursor discharge 
continuously from the flow tower reactor which said continuous contact processing introduced the precursor into the 
reaction field containing a catalyst particle continuously, and was equipped with the restoration bed or flow bed of said 
reaction field, for example, a catalyst. In the another example, it is carried out by said contact processing introducing a 
catalyst particle into the reaction field containing a precursor continuously, and making said catalyst discharge 
continuously from said reaction field. Furthermore, in the another example, said contact processing is performed by 
both introducing a catalyst particle and a precursor into a reaction field continuously, and making said particle and 
matter discharge from this reaction field, for example, the continuation concurrent, or a counterflow flow tower. 
By said method of manufacturing carbon fibril continuously, the discharged precursor, a catalyst, or its both are 
processed, the reaction by-product produced in the matter which is not desirable, for example, an impurity, the inactive 
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catalyst, or the manufacture process of fibril is removed, and, subsequently to a reaction field, it can reintroduce. When 
a precursor is a carbon monoxide as one example, it can process by removing this a part of exhaust gas for the exhaust 
gas which mainly consists of a carbon monoxide, a carbon dioxide, and a small amount of impurity, and adding the 
carbon monoxide of a comparatively pure amount. As an option, an exhaust gas can also be processed by carrying out 
scrubbing with the suitable carbon-dioxide absorption compound like monoethanolamine (MEA). Furthermore, in 
. another art, the carbon dioxide which exists in an exhaust gas is changed into a carbon monoxide by letting an exhaust 
gas pass in on a carbon source, for example. Exhaust-gas processing in case a precursor is a gas hydrocarbon may 
include removing the hydrogen generated during fibril manufacture. In the another example which processes and 
reintroduces the discharged catalyst, said processing can be performed by separating an activity catalyst from an 
inactive catalyst with a magnetic means. 

You may make it contact the fibril which collected the fibrils adhering to a metal content particle continuously as an 
option which manufactures carbon fibril continuously, processed with the metal content particle for supply, and was 
processed in this way to a continuous carbon content gas compound. Said processing may include distributing a 
catalyst on fibril so that an example 38 may explain. 

In this invention, if a reaction parameter is combined appropriately, various carbon content compounds can be used as a 
suitable precursor. As one of the examples desirable now, a precursor is a carbon monoxide. A suitable precursor may 
be a hydrocarbon. Hydrocarbon precursors may be aromatic series, for example, benzene, toluene, a xylene, a cumene, 
ethylbenzene, naphthalene, a phenanthrene, anthracenes, or such mixture. This hydrocarbon may also be the thing, for 
example, the methane, the ethane, the propane, the ethylene, the propylene, the acetylene, or such mixture of non- 
aromatic series again, current - by another desirable example, since it is called thermal stability and toxic lack in the 
ease of receiving, a hydrocarbon is methane. As such a hydrocarbon, oxygen may be contained further, for example, 
alcohol like a methanol or ethanol, a ketone like an acetone and formaldehyde, aldehydes like an acetaldehyde, or such 
mixture may also be contained. 

As important reaction parameters other than a specific precursor, the supply presentation containing existence of the 
presentation of a catalyst, and the diluent (for example, Ar) of arbitration or carbon and the compound that may be 
made to generate a gas product (for example, C02, H2, or H20) beforehand in response to [ whenever / processing, 
catalyst base material, precursor temperature, and catalyst temperature ] reaction pressure, the residence time or growth 
time amount, and a list, and concentration is mentioned. A reaction parameter is considered for interdependence to be 
high and to depend for the suitable combination of these reaction parameters on a specific precursor slack carbon 
content compound. 

Moreover, if a reaction parameter is combined appropriately, it will also be thought that various transition-metals 
content particles can be used as a suitable catalyst. In one of the examples desirable now, a metal content particle 
consists of a particle which are a diameter 3.5 [ about ] - 70 nanometers of abbreviation, and contains iron, cobalt, 
nickel, these alloys, or mixture. A suitable particle can also be guided again from the metal salt pyrolyzed at the 
temperature below fibril formation temperature, i.e., the temperature of about 1200 degrees C or less, to metal particles 
or a metallic-oxide particle. As such a metal salt, a carbonate, a bicarbonate, a nitrate, citrate, and an oxalate, for 
example, a ferrous oxalate, are mentioned. 

A carbon content compound is made to contact in the one example under existence of the compound which reacts a 
metal content particle with carbon and may be made to generate a gas product. As the carbon in this case, and a 
compound which can react, C02, H2, or H20 is mentioned. 

As for a catalyst particle, it is desirable to have a uniform diameter moderately, to dissociate mutually, or to have 
gathered as weak floe of bonding strength. As long as it is beforehand activated easily under a reaction condition 
through processing, these particles may not be in an active state, before [ suitable ] introducing into a reactor. It can 
depend for selection of a series of specific ****** conditions on other reaction parameters like the above-mentioned 
depending on the specific catalyst and specific carbon content compound to be used. Explanation of the below- 
mentioned example describes the example of processing conditions beforehand. As optimal physical gestalt, a metal 
content particle may be settled in the gestalt of a metallic oxide, a hydroxide, a carbonate, carboxylate, a nitrate, etc. 
For that purpose, the well-known colloid technique which settles and stabilizes the very detailed particle of 
homogeneity can be used. As an example, the approach besides Spiro of settling hydration ferric oxide with the gestalt 
of the homogeneity ball with a diameter of several nanometers which may be distributed easily is extremely suitable for 
manufacture of a catalyst. J. Am.Chem.Soc.88 (12):2721-2726(1966);89(2):5555-5559 and 5559 -5562 (1967) 
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reference. The deposit of these catalyst particles can be carried out on the heat-resistant base material which suited 
chemically. Such a base material must maintain a solid state under a reaction condition, and if it is harmless and 
required for a catalyst, it must be what can be easily separated from generation fibril after fibril formation. As a suitable 
base material ingredient, an alumina, carbon, a quartz, a silicate, and an aluminum silicate, for example, a mullite, 
mention, and it is ******. As for these ingredients, it is [ that removal processing should be made easy ] desirable that 
. the receipts and payments to a reactor have a physical gestalt like an easy thin film or a plate. It is thought that it can be 
used as a carbon fiber or a base material ingredient also with beforehand suitable formation carbon fibril. 
One of the desirable approaches into which a catalyst particle is made to divide mutually includes enclosing these 
particles under conditions which do not form fibril into carbon or a carbon content compound, for example, carbide. 
When a catalyst is an iron content particle as one example, said enclosure is carried out by covering the temperature 
which is too low for formation of fibril, for example, suitable time amount, at less than 800 degrees C, for example, 
processing a particle with a carbon monoxide or the carbon content compound like acetylene, and enclosing into carbon 
or cementite. A ferrous oxalate particle is beforehand processed at about 400 degrees C with the mixture of the capacity 
factor 9:1 of an argon and acetylene one of the desirable examples of this approach for about 1 hour. A ferrous oxalate 
particle pyrolyzes between this beforehand processing, and it is changed into the iron content particle enclosed into the 
carbon content polymer. By using it as a catalyst for fibril formation in the condition, or contacting these particles to air 
or oxygen content dilution gas at 350 degrees C by suitable conditions for about 2 hours, the enclosed iron grain child 
can oxidize so that an iron-oxide particle may be formed. 

It is thought that a catalyst particle may be enclosed into an organic polymer, for example, polystyrene, or starch again. 
Moreover, if it is made to make growth of fibril start covering the whole capacity of a reactor, it will be considered that 
it can make the productivity of carbon fibril increase. The method of making growth of fibril start includes distributing 
the catalyst particle which divided finely and was equally distributed covering the whole capacity of a reactor. A 
particle may be formed by forming beforehand or carrying out the pyrolysis of the metal content steam within a reactor. 
As an example, an iron grain child can form from a ferrocene steam. 

Although it must be made sufficiently high so that it may be activated so a catalyst particle may make fibril form, don't 
make reaction temperature so high that a carbon content gas compound pyrolyzes remarkably and forms pyrolytic 
carbon. It depends for an exact temperature requirement on the specific catalyst system and carbon content gas 
compound to be used. For example, benzene is thermally [ kinematically ] stable to about 1000 degrees C, it is stable of 
methane to about 950 degrees C, and acetylene is stable to about 500 degrees C. It is almost equal to the temperature 
which needs a carbon content gas compound for a fibril formation activity catalyst, or when pyrolyzing at the 
temperature below it, a catalyst particle can be alternatively heated to temperature higher than the temperature of a 
carbon content gas compound. Such alternative heating can be performed using electromagnetic radiation. 
The carbon fibril of this invention can be manufactured by the request pressure of arbitration, and the optimal pressure 
will be determined from a viewpoint on economy. Reaction pressure is preferably set to l/10atm-10atm. Reaction 
pressure is made it is more desirable and almost equivalent to atmospheric pressure. 

Fibril is manufactured as one example by contacting a suitable iron content particle to a gas carbon monoxide at the 
temperature of about 1000 degrees C over about 30 minutes from about 10 seconds with the pressure of about 1 atm. 
The ratio of the dry weight base of a carbon monoxide opposite iron content particle is made larger than about 1000:1. 
As another example, fibril is about 1100 degrees C in temperature over about 5 minutes from about 1 minute by the 
pressure of about 1 atm, and manufactures a suitable iron content particle by making the benzene (gas) of the gestalt of 
the hydrogen:benzene mixture of about 9:1 contact. The ratio of the dry weight base of a carbon content compound 
opposite iron content particle is made larger than about 1000:1. In one of the desirable examples of this approach, an 
iron content particle is supported like the above-mentioned with the heat-resistant base material which suited 
chemically. It is desirable to use an alumina as such a heat-resistant base material. 

If the fibril manufactured by the approach of this invention grows, it will be graphitized to altitude. Although each 
graphite layer wound around the surroundings of the major axis of fiber the wire gauze which has the mesh of a 
hexagon like wooden age, it is arranged in the said alignment like. Usually, although a hollow nucleus with a diameter 
of several nanometers exists, partially or on the whole, this nucleus may be filled with the carbon arranged more at 
irregularity. Each nuclear surrounding carbon layer may be prolonged covering the distance of hundreds of nanometers. 
As for spacing between adjacent layers, it is more common than spacing which can measure by high resolution electron 
microscope inspection, and is observed about a single crystal graphite, i.e., about 0.339-0.348 nanometers, that only 
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mere a few is large. 

Thus, the method of measuring the physical property of small fibril directly does not exist. However, the rigidity of the 
complex containing such fibrils is presumed from the Young's modulus measured about the fully graphitized larger 
carbon. 

The composite material of this invention contains the carbon fibril like the above-mentioned in a matrix, and functions 
. as complex, for example, a structural material. The matrix of such a composite material consists of a pyrolysis, non- 
pyrolytic carbon or an organic polymer, for example, a polyamide, polyester, a polyether, polyimide, polyphenylene, 
polysulfone, polyurethane, or an epoxy resin. An elastomer, thermoplastics, and a thermosetting ingredient are 
mentioned as a desirable example. 

The matrix of the composite material of this invention may be for example, a ceramic ingredient or a polymer inorganic 
oxide like glass again. As a desirable example, sheet glass and other pressed glass, silicate ceramics and other heat- 
resistant ceramics, for example, an aluminum oxide, silicon carbide, silicon nitride, and boron nitride are mentioned. 
The matrix of the composite material of this invention may be a metal further. As a suitable metal, mixture is 
mentioned to aluminum, magnesium, lead, copper, a tungsten, titanium, niobium, hafnium vanadium, and these alloy 
lists. 

The matrix of the composite material of this invention may be adhesives again. 

It is made to distribute in a matrix, or orientation of the carbon fibril of this invention is carried out in a matrix by 
electric field, a suitable shear operation, or combing, it is ****(ed) in a matrix by immersion, or may be poured in into 
a matrix using a spray gun. 

Carbon fibril can also be manufactured on that spot in the porous matrix like a ceramic ingredient again. As one 
example, manufacture on such the spot distributes a catalyst in a ceramic matrix, and consists of growing fibril 
according to an operation of a catalyst in a matrix by letting a carbon content gas compound pass to said porous 
ceramic matrix. 

Hereafter, an example is given and this invention is explained more to a detail. 

Please understand that these examples are for clarifying this invention more, and do not ****** this invention of a 
publication rather to a claim. 

Example ingredient Each of :benzene (for reagents) with which marketing can carry out thing use of the following 
ingredient used in the following examples, Fe(N03) 3.9H20 (Baker Analyzed Crystal), FeS04.7H20 (Baker Analyzed 
Granular), and KN03 (Baker Analyzed Crystal) and NaHC03 (Baker Analyzed Crystal) may come to hand from 
J.T.Baker Chemical Company, Phillipsburg, and New Jersey. CO (C. P.Grade), hydrogen (H2), and an argon (Ar) may 
come to hand from Air Prodlucts and Cemicals, Inc., Allentown, and Pennsylvania. KOH (C. P.Pellets) may come to 
hand from Mallinckrodt Inc., Lodi, and New Jersey. The water used in the following examples carried out deionization 
processing. A Vycor glass tube may come to hand from Corning Glass Works, Corning, and New York. A ceramic 
combustion boat may come to hand from Coors Porcelain Go. and Golden Colorado. A ferrous oxalate crystal 
(dehydration ferrous oxalate (11) 99.999%) may come to hand from Aldrich Chemical Company, Inc., Milwaukee, and 
Wisconsin. A starch solution (Corn Products starch 3005) may come to hand from CPU International Inc., Englewood 
Cliffs, and New Jersey. The bisphenol A jig RIJIRU ether (DGEBA) (Araldite 6005) may come to hand from 
CibaGeigy Corp., Ardsley, and New York. 

Davison SMR-37-1534 SRA aluminas are the average microcrystal size of 15A, the average condensation size of 0.2 
microns, and alpha-boehmite of 15 microns of mean diameters. 

Degussa Aluminum Oxid C is gamma-alumina of surface area 100m2/g, the mean particle diameter of 200A, and 
appearance bulk density 60 g/L. 

Cabot Sterling R V-9348 carbon powder is the furnace black of 99.5% [ of the minimum carbon contents ], and surface 
area 25m2/g, 750 A of mean diameters, and apparent-density 161 b/ft3. 

Analysis The electron microscope photograph was altogether acquired using Zeiss EM-10 electron microscope. 
The manufacture example 1 of a catalyst: Manufacture of a catalyst 1 According to the approach of Sugimoto of a 
publication, and Matijevic, magnetite dispersion liquid were prepared to J. Colloid & Interfacial Sci.74:227 (1980). As a 
result of the electron microscopy, the range of particle size was 175-400A, and 260A was an almost average value 
( Figs. 1 and 2 ). 

Example 2: Manufacture of a catalyst 2 lOg Davison SMR-37-1534 SRA alumina powder was put in into the 4 uncia 
wide mouth glass jar to which the magnetic rabble was attached. 0.8 1M Fe3 in H20 (N03) was dropped at said 
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agitated powder to the initial damp or wet condition. Initial complements were 4.1mL(s). 

Example 3: Manufacture of a catalyst 3 It heated until it dried on the hot plate, agitating some lubrication powder 
obtained in the example 2 within said jar. Temperature was maintained to temperature lower than the temperature 
which NOx generates. 

Example 4: Manufacture of a catalyst 4 Calcining of some Davison SMR-37-1534 SRA alumina powder was carried 
. out for 90 minutes at 900 degrees C among the airstream in Vycor tubing. 1.9977g aluminum 203 which carried out 
calcining was put in in the 4 uncia wide mouth jar with a magnetic rabble. The water solution of 0.8 1M Fe (N03)3 was 
dropped at this to the initial damp or wet condition, agitating. Initial complements were 0.6mL(s). It was made to dry, 
agitating this lubrication powder on a hot plate. 

Example 5: Manufacture of a catalyst 5 Weighing capacity supply of 0.44g Degisa Aluminium Oxid C (fumigation 
aluminum 203) was carried out into 4 inches blood serum polymerization tubing with a lid (cappable). This tubing was 
covered, and after carrying out argon spraying (argon sparged), 0.5M KOH of lmL, 2.0M KN03 of lmL, and the 
deionized water that 6mL(s) filtered beforehand were poured in. This mixture was covered over argon spraying for 5 
minutes, and, subsequently 0.101M FeS04 of 2.0mL(s) was poured in. Argon spraying processing of this mixture was 
carried out for 1 minute. This tubing has been arranged in a 90-degree C oil bath, and argon spraying was continued for 
5 minutes. Spraying was suspended and quiescence aging was started. (Control of water bath temperature is imperfect 
and temperature rose at 105 degrees C.) This bath was cooled at 90 degrees C. Sum total maturing time was 2 hours. 
When said system was left, it separated into white settlings and a transparent supernatant. The supernatant was 
removed by the decantation, having applied this to centrifugal separation, and it was made to re-suspend in the 
deionized water which filtered settlings beforehand. This actuation was repeated twice [ further ]. pH of the last 
supernatant was about 8.5. Water was removed by the decantation, and the argon was sprayed on settlings, and it was 
made half-dryness, and was made to re-suspend in ethanol. 

Example 6: Manufacture of a catalyst 6 Calcining of some Davison SMR-37-1534 SRA alumina powder was carried 
out at 900 degrees C among the airstream in Vycor tubing for 2 hours, lg of products has been arranged in 4 inch 
polymerization tubing with a lid, and 1.6M Fe(N03)3 solution of completely sufficient amount for that of a wrap was 
added for the alumina. Tubing was covered, and it exhausted until foaming stopped. Gas drainage was performed and 
filtration with an M glass sintered filter removed the superfluous liquid, the obtained lubrication - calcining of the cake 
was carried out at 500 degrees C among the airstream in a ceramic boat for 1 hour. 

example 7: - manufacture of a catalyst 7 the inside of a centrifugal separation container - 6.06g Fe(N03)3.9H20 - 
50mL(s) - it dissolved into filtration deionization H20 beforehand. 2.52g NaHC03 was added to this solution. When 
foaming stopped, argon spraying processing of said solution was carried out for 5 minutes. 20product Fe3 sol was a 
transparent solution. 

Calcining of some Cabot Sterling R V-9348 carbon powder was carried out at 1 100 degrees C among the argon style 
within the Vycor boat in mullite tubing for 1 hour. This was cooled to the room temperature under the argon ambient 
atmosphere. The carbon of sufficient amount to form about 0.25 inches layer in 4 inches polymerization tubing has 
been arranged. Exhaust air processing of this tubing was carried out, and 20Fe3 solution of 2mL was added. Gas 
drainage of the helicocone to which foaming stopped was carried out, and this suspension was filtered by the M glass 
sintering funnel. The obtained cake was dried with air and it heated at 500 degrees C among the argon style in Vycor 
tubing for 1 hour. 

Example 8: Preparation of a catalyst 8 The 0.4876g Cabot Sterling R V-9348 carbon powder which carried out 
calcining was put in and exhausted in 4 inch polymerization tubing, and 2.0ml Fe (N03) solution of 0.8 1M was added. 
After termination of foaming, aeration was carried out to tubing and the cake was air-dried. 

Example 9: Preparation of a catalyst 9 (for [ for infrared radiation ] KBR disk manufacture) GabotSterling R V-9348 
powder was compressed with the stainless steel die, and the pellet was manufactured. The 0.1 2g pellet was put into 4 
inch polymerization tubing, and was exhausted, and 20Fe3 0.05ml sol (it prepares like an example 7) prepared newly 
was added. Aeration was carried out to tubing and the solid-state was air-dried. 

Example 10: Preparation of a catalyst 10 Davison SMR-37 -1534 0.23g alumina which carried out calcining for 2 hours 
was put in and exhausted at 900 degrees C in air in 4 inch polymerization tubing, and 20Fe3 2.0ml sol (it prepares like 
an example 7) prepared newly was added. Aeration was carried out to tubing and the solid-state was carried out the ** 
exception with the M glass sintering filter. The cake was air-dried. 

Fibril composition trial examples 11-33 Examples 11-33 explain a fibril composition trial. The conditions of an 
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experiment and a result are summarized in Table I. Ar in which a fibril precursor is benzene of the gestalt of the 
hydrogembenzene mixture of a volume ratio 9:1 [ about ], and, as for H2 and Ar, H2 passes a quantity of gas flow 
along 20-degree-C benzene of 100 ml/min, Ar/C six H6, or H2/C six H6 by 300 ml/min, as for 300 ml/min and CO of 
CO/H2 if there is no comment by the way, or H2 is 300 ml/min (Ar, or H2 / C6 H6 volume-ratio glow 9:1). Air and 
hydrogen are always separated by carrying out short-time scavenging air of the reactor with an argon (a brief argon 
. purge). Since any trial is the same, an experiment procedure is explained to a detail about examples 11, 15, and 28. 

(a) Example 11 Ultrasonic distribution was carried out at water and the catalyst prepared by the approach of an 
example 1 was moved to the ceramic board. The boat was placed in the center of 1 inch Vycor (trademark) tubing in 
the electric furnace of a room temperature, and the catalyst of a room temperature was heated at 500 degrees C in 

[ argon flowing-down ] 15 minutes. It is this temperature and the gas mixture object was changed into 
hydrogen:benzene (9: 1) mixture. This constituent was introduced into the reactor for 60 minutes. 
The stop and the argon permuted the hydrocarbon style and the reactor was cooled radiationally to the room 
temperature. A boat is picked out from tubing and carbon was scratched to some extent from the boat. Ultrasonic 
distribution of this carbon was carried out at ethanol, and the sample of lOmicrol was observed with the electron 
microscope. According to the electron microscope photograph, almost all the iron grain child was enclosed with the 
carbon sheath of 50- 1 50 (on-GUSUTOROMUMU) ( Fig. 3 ). 

(b) Example 15 The ceramic board was made to distribute the catalyst prepared by the approach of an example 2. The 
board was put on the interior of 1 inch Vycor (trademark) tubing in the same electric furnace as what was used in the 
example 11, and the temperature of a furnace was heated at 500 degrees C in 60 minutes after a room temperature 
under air. Short-time scavenging air of the reactor was carried out with the argon. Next, temperature was raised from 
500 degrees C to 900 degrees C in [ bottom of hydrogen ] 15 minutes, and it maintained for 60 minutes at 900 degrees 
C by hydrogen flowing down. 

Next, the gas stream was changed to benzene saturation hydrogen, and it maintained for 180 minutes at 900 degrees C. 
The sample was prepared in the procedure of an example 11 after radiationnal cooling to the room temperature under 
the argon, and it observed with the electron microscope. The electron micrograph showed much fibrils of diameters 
100-450 (angstrom) ( Fig. 4 ). 

(c) Example 28 The ceramic board was made to distribute the catalyst prepared in the example 3. The board was put on 
the interior of 1 inch mullite tubing in the same electric furnace as what was used in the example 11. 500 degrees C was 
raised in 15 minutes after a room temperature, and the temperature of a furnace was maintained for 60 minutes at 500 
degrees C under air. Short-time scavenging air of the reactor was carried out with the argon. Next, temperature was 
raised at 900 degrees C in 500 degrees C to 20 minutes under hydrogen, and 900 degrees C was maintained for 60 
minutes by hydrogen flowing down. Next, temperature was raised at 1100 degrees C in 20 more minutes, maintaining 
the same hydrogen style. 

Next, the gas stream was changed to benzene saturation hydrogen, and it maintained for 5 minutes at 1 100 degrees C. 
The sample was prepared in the procedure of an example 1 1 after cooling radiationally to a room temperature under the 
argon, and it observed with the electron microscope. The electron micrograph showed the fibril of diameters 30-300 
(angstrom) ( Fig. 5 ). 
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Example 34: Manufacture of an enclosure iron catalyst The 20mg ferrous oxalate crystal was applied to the ceramic 
combustion boat, and it processed at 400 degrees C by Ar:C2H2 of a volume ratio 9:1 for 1 hour. The homogeneity 
dispersion liquid of the metal iron grain child in a carbon content polymer or an iron content particle were obtained. 
Example 35: Manufacture of an iron-oxide particle 2 hours was required and it heated at 350 degrees C slowly so that a 
rapid temperature rise and particle melting might not produce the homogeneity dispersion liquid of the iron content 
particle prepared in the example 34 in flow air. The carbon content compound was removed by combustion and the 
powder iron oxide of 30-100 (angstrom) was obtained. 

Example 36: Manufacture of an iron grain child The iron grain child of range 30-100 (angstrom) is obtained whenever 
[ grain / which returns the iron-oxide particle prepared in the example 35 by H2 ]. 

Example 37: Manufacture of the fibril which used the ferrous-oxide catalyst The ferrous-oxide particle prepared in the 
example 35 is heated at 1 100 degrees C in a flow argon, and it processes for 15 minutes at 1 100 degrees C by pure CO. 
Next, CO style is stopped, an argon permutes and a reactor is cooled to a room temperature. Scratch from a ceramic 
board, ethanol is made to carry out ultrasonic distribution, and the carbon of a certain amount is observed with an 
electron microscope. The carbon fibril of the range of 30-100 (angstrom) is obtained. 
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Example 38: Distribution of the catalyst on fibril The carbon fibril prepared in the example 37 was scratched, it moved 
on the sintered glass filter funnel, and humidity was carried out with 2% starch solution prepared newly. While it is 
moist, fibril is processed with Fe(N03)3 solution of 0.8 1M. An excessive liquid is removed and one evening of fibrils 
is air-dried at a room temperature. 

Example 39: Manufacture of branching-like fibril The fibril prepared in the example 38 is moved to a ceramic board as 
little ******, and it puts into 1 inch alumina tubing in an electric furnace. Temperature is raised at 1100 degrees C, 
scavenging tubing with an argon. A carbon monoxide is introduced for 15 minutes. CO style is stopped, an argon 
permutes and a reactor is cooled. 

The carbon of a certain amount is scratched from a ceramic board, and ETAHORU is made to carry out ultrasonic 
distribution. If a sample is observed with an electron microscope, the new carbon fibril of the range of diameters 50- 
300 (angstrom) will be seen. 

Example 40: Continuation manufacture of the carbon fibril by reuse of a precursor CO style which consists of Reuse 
CO and Supply CO may be supplied to a circulation reactor with the catalyst prepared in the example 38. circulation — 
a column is lined with brick and are the diameter of about 0.30m, and the overall height of 20m ( Fig. 6 ). 
The interflow of Reuse CO and Supply CO is introduced from the crowning of a column, flows down the inside of a 
ceramic strip heater, and is heated by 1 100 degrees C. A catalyst is supplied in the style of CO with a stellate feeder. 
The die length of a zone of the gas stream which passes through a reaction zone is about 10m in a second in 0.16m /. 
Low-temperature (100 degrees C) gas is injected, and a reaction is stopped. The obtained fibrils are collected to a 
porosity ceramic filter, and waste gas is repressed in about 1.3 atmospheric pressures. In order to stop the balance of the 
strange impurity formed with the reactor, and the strange impurity contained in Supply CO, small quantity is removed 
from waste gas. Before adding Supply CO, it lets ** pass to the KOH floor (diameter [ of 0.5m ] x die length of 2m). 
Next, by dividing into two, this ** is bypassed to a heat exchanger in 9g/second, and carries out recycling to a reactor 
in the remaining 3g/second. 

A system is suspended 3 hours after, it cools and a ceramic filter is taken out. The mat-like carbon fibril tangling in a 
filter was obtained, fibril - scraping from a filter - composite material is formed using this. 

Example 41: Manufacture of composite material The epoxy resin system which consists of DGEBA of the 100 weight 
sections, the DDS curing agent of 36 weight sections, and the BF3MEA accelerator of the 0.5 weight sections is used, 
humidity of the mat prepared in the example 40 is carried out, and the obtained object (mass) is dried one evening at a 
room temperature. 1 inch square of ten samples are judged from a desiccation mat, and it puts into a heating die. It 
compresses between 3-hour heat at 100 degrees C, and composite material (composite) is formed. Composite material 
is picked out from a disk and it dries at 24 hours and 175 degrees C by 120 degrees C for 4 hours. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Fig. 1 is an explanatory view showing the distributed condition of the catalyst particle which consists of Fe 304. 
Fig. 2 is an explanatory view showing the distributed condition of the catalyst particle which consists of Fe 304. 
Fi g. 3 is an explanatory view showing the catalyst particle enclosed into the 50-150A carbon jacket. 
Fig. 4 is an explanatory view showing the fibril of a large number with a diameter of 100-450A with a catalyst base 
material and reaction residue. 

Fig. 5 is an explanatory view showing fibril with a diameter of about 250A with a catalyst base material and reaction 
residue. 

Fig. 6 is a simple explanatory view showing the continuation production process of carbon fibril. 
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